Abstract. In order to characterize uniaxial mechanical properties of modified double base propellant, a one dimensional form of viscoelastic-viscoplastic constitutive model is derived. In order to solve the first-order ordinary differential equations (ODEs) consisted by viscoplastic flow rule and internal state variables evolution, the backward difference formulas (BDF) is applied and achieved by MATLAB procedure.The effect of viscoplastic parameters on viscoplastic creep strain is analyzed by adjusting viscoplastic parameters based on a set of the given parameters, the results show that the greater values of viscoplastic potential energy parameter Γ correspond to more flow while N correspond to more flow,the greater values of the hardening function parameters result in less flow.
Introduction
Solid rocket motors is widely used in military weapon and aerospace fields. The structural integrity of the solid propellant grain affect the safety and reliability of the rocket weapon, and is currently the critical task to solid rocket motor. In order to obtain the mechanical properties of solid rocket propellant, many scholars studied the constitutive model of the propellant. XU [1] establishes the thermal-damage-viscoelastic constitutive model to describe the mechanical properties of HTPB composite propellant. DENG [2] studies the temperature dependent viscoelastic mechanics of solid propellant by shear relaxation experiments. Modified double-base propellant, with its very complex mechanical properties is a kind of commonly used solid propellant. SUN [3] deeply analyses quasistatic and dynamic compression mechanics of modified double-base propellant, experimental results show that the yield stress, the initial modulus and the maximum strain are significantly affected by strain rate and temperature. Meng Gonglei [4] proposes a nonlinear viscoelastic constitutive model which includes cumulative damage for nonlinear mechanical behavior of modified double-base propellant.
Modified double-base propellant is a kind of granular material, experimental results show that it has viscoelastic and viscoplastic mechanics. Many scholars studied the viscoelastic and viscoplastic constitutive model of solid material, in the establishment of DARABI [5, 6] establish a thermalviscoelastic-viscoplastic constitutive model to describe the mechanical properties of heat asphalt mixtures. KIM [7] compare the Schapery-Perzyna model and Schapery-Valanis modelto describe the viscoelastic and viscoplastic mechanics of particles reinforced material. ZHU [8] and ZHU [9] use backward difference formulas to solve viscoelastic -viscoplastic model in order to obtain optimum model parameters.
In this study, one dimensional form of viscoelastic-viscoplastic constitutive model of modified double base propellant is derived, and backward difference formulas is used to solve viscoplastic model. Parametric study of constitutive model focued on the creep response of modified double base propellant is analyzed.
Viscoelastic-Viscoplastic Constitutive Model
In researches on constitutive model of solid materials, the total deformation subjected to an applied stress can be decomposed into recoverable and irrecoverable components. Elastic and viscoelastic models are used to describe recoverable deformation, while plastic and viscoplastic models are employed to model irrecoverable deformation.
Experimental research shows that the deformation of modified double base propellant include recoverable and irrecoverable deformation, where the extent of each is mainly affected by time, temperature, and loading rate. In this study, the total strain of modified double base propellant is decoupled into recoverable viscoelatic strain and irrecoverable viscoplastic strain:
where ij e is the total strain tensor;
ve ij e is the viscoelastic strain tensor; and vp ij e is the viscoplastic strain tensor.
Viscoelastic Constitutive Model
In this study, the Schapery's linear viscoelasticity theory is used to describe the viscoelastic response of modified double base propellant, when the loading stress is 
where the viscoplastic strain rate is expressed as follows:
where • is McCauley bracket, Γ is the viscoplastic viscosity parameter, f is the overstress function, N is the viscoplastic rate sensitivity exponent, g is the viscoplastic potential function, overstress function is expressed as follows:
Where 0 y σ is reference stress. The Drucker-prager yield surfaces is used: 
It can be shown that for the uniaxial state of stresses, The non-associated flow rules are commonly used to describe the viscoplasticity in the studies of material viscoplastic mechanics [11, 12, 13] , in this study the non-associated flow rule is expressed as follows:
where β is material parameter, then one can write： 
Numerical Method of Constitutive Model
In this paper, the strain-style constitutive model is adopted, the uniaxial creep conditions are studied here for numerical convenience. Under the condition of uniaxial compression, the viscoelastic-viscoplastic model can be transformed to one dimensional form as follows: analytically, in this study the backward difference formulas (BDF) is applied to solve the stiff ODEs, the procedure for the determination of viscoplastic strain is discussed below. 
Newton-Raphson scheme is used here in order to solve Eq. (17):
The values of z getting from Eq. (18) is the uniaxial viscoplatic strain, the numerical computation wrote above can be achieved by MATLAB procedure.
Parametric study
The procedure for the determination of the viscoelastic-viscoplastic model parameters of modified double base propellant has been thoroughly discussed by WANG [14] based on creeprecovery tests. The obtained viscoelastic and viscoplastic model parameters at the reference temperature are listed in Table 1 and Table 2 . ABU AL-RUB [15] presents the results of a parametric study for all of the viscoplastic material parameters, mainly analyses the effet on strain-stress response under constant strain rate. In this section, the parametric study focus on the creep response of modified double base propellant.
In order to more clearly analyse the effect of various parameters on the viscoplastic creep strain, the viscoplastic parameters are adjusted based on the given parameters in Table 1 ang Table  2 . As shown in Fig. 1, Fig. (a) shows that the greater values of viscoplastic potential energy parameter Γ correspond to more flow, especially in the first creep stage; Fig. (b), Fig. (c) and Fig. (d) show that the greater values of the hardening function parameter 0 k , 1 k and 2 k result in less flow, and are best understood by understanding the hardening function k , which is shown in Eq. (7) 2) The backward difference formulas (BDF) were applied to solve the stiff ODEs consisted by the viscoplastic flow rule and internal state variables evolution, the creep strain can be obtainded through MATLAB procedure.
3) Parametric study on the effect of viscoelastic material parameters show that the greater values of viscoplastic potential energy parameter Γ correspond to more flow while N correspond to more flow, the greater values of the hardening function parameter 0 k , 1 k and 2 k result in less flow.
